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SH  tOMOlO  by  ovol  sovo^i^ .•«.)!. .t.tissisiiiitsMic  I*§1 

22  rioMM  tpi,  ScOi  tunt  liA  «ltll4ll  «»ltlA  IlSOft 

fxtM  i^totta  Moftkcy  90  fOOSt  IffiMry  iHNilMiiOA  (Ot^  0)  > 

100  Ml«g«p4MM  olorooMMtuUcoO  1^  siiMkl.9  by  IHi 

toooodocy  iiouAitAtsloA  (Oay  49)  >  100  of 

•iMi«y»uUt«4|  Sti  by  XT  t  <•..>« .  141 

23  FImm  Ipl.  tfO.  AA4  l|4  IAtt>ilt  OfrtliA  %iUH  tritiOiilOl 
fr«o  vhisuo  ttoaktiy  90  1010  i  FflMiy  UWAHliAllAA  (iNiy  0)  » 

100  lll6V0|««M  MlatAtllOIMptiaHtO  IP  bf  IN 

SMtHMlcI^  iMMinUMelMI  (OaV  49)  *  100  ttlgftpMM  »f 

ai4t»uUt«4  m  s«w«14  by  Xjf  tiij«gfl«A.  141 

24  riUHM  X|jHi.  XfO,  «n4  IgA  tttlSl'tP  tMlA 

ftMi  rtMitti  NvidMy  90  1023!  fylMfy  lUMtAiiAilwi  (Ny  0)  * 

100  «tor«piini  «i«ir««A0«»tuU|g4  IM  g«>!ii4  by  It  lAfCllUii»A, 

I•tl0lt4•ty  iNMwnlaacIcm  (My  49)  <  1.0  ag  •!  wi«f«*ii«p»AU4i4 

SSI  t!OAol4  gyal  ggtHigg .*..**. I* 24 

23  F1«sm  XgK.  1|0,  «n4  IgA  ««4t<SP  fMlA  «l4«(a  abSilAp 

frMi  rMatw  N»iib*y  90  I009i  FyUary  Umuiitiailan  (My  Ot  < 

100  stfirofaMM  MlertHiiMayauUvtKl  IP  i»a«t4  by  IT  ttiiiUU«t»A. 
S«Q«na«ry  iaaniniaatlan  <0iw  49)  «  100  »Uif»|faM  aI  alemti* 
e«pauUt«4  SP  coxii4  by  IT  InalilUaHAtt,  |«  tl 
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(COHFLEn:  FAi;£) 


UST  OP  nCUR£S  (continued) 


Plasma  IgH,  IgC.  and  anci-SEB  tonln  titers  obtained 
froa  rhesus  Monkey  90  B021:  Priaary  ijasunization  (Day  0)  - 
100  tsierograns  mieroeneapsulatad  SSB  toxoid  by  IT  instillation. 
Secondary  immunization  (Day  49)  -  100  micrograas  of  aieroen- 
eapsulated  SEB  toxoid  by  ZM  injection . . . 

Plasaa  IgK.  IgC.  and  Xg4  aaci'SEB  toxin  titers  obtained 
from  rhesus  Monkey  90  B014:  Priaary  iaaunization  (Day  0}  •> 

1.0  mg  aicroencapsulated  SCH  toxoid  by  oral  gavage. 

Secondary  iasnaiization  (Day  49}  •  1.0  ag  of  aicroencapsulated 
SCB  toxoid  by  oral  gavage . . . 

Plasaa  IgH,  IgC,  and  IgA.  enci«SEB  toxin  titers  obtained 
froa  rhesus  Monkey  90  BOOS:  Priaary  iaaunization  (Day  0}  - 
1.0  ag  aicroencapsulated  SEB  toxoid  by  oral  gavage. 

Secondary  immunization  (Day  49}  •  100  aierograae  of  aicroen- 
capsulated  SEB  toxoid  by  IT  instillation . . . 

Plasaa  IgH,  IgC,  and  IgA  anci>SEB  toxin  titers  obtained 
froa  rhesus  HonlMy  90  B018:  Priaary  iaaunization  (Day  0)  • 
l.O  ag  aicroencapsulated  SEB  toxoid  by  oral  gavage. 

Secondary  Imaunization  (Day  49)  •  100  aierograae  of  aieroen* 
capsulated  SEB  toxoid  by  IM  Injection  . 
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OEVELOniEKT  OF  KE»  XMMOHfOCENS  AKO  COHXBOUJED  BSUSASB  DEUVERY  SYSTEM 
F(»  IHMONIZATION  AGAINST  STAnmjQCOCCAL  ESTEROIQZIN  ft 


X.  EXECUTIVE  SUMMARY 


During  this  y««r  of  th*  eontnct ,  «m  obtolnad  «  groot  de«l  of  knowl¬ 
edge  about  the  inaninlzation  of  rhesus  aonkeys  with  SEB  toxoid.  A  prelial- 
nazy  study  was  perfonsed  to  eonflza  the  exlstlitg  data  regarding  the  effec¬ 
tiveness  of  IncrasRuicular  (IH)  iaeunlzstlon  with  alua  precipitated  SEB 
toxoid  and  oral  laaninizatlon  with  high  doses  of  toxoid  in  solution,  to 
raise  circulating  snti-SEB  toxin  antibodies.  Additionally,  several  studies 
involving  the  imunlzatlon  of  rhesus  aonkeys  with  SEB  toxoid  alcrospheres 
ha\e  also  been  perfonsed. 

The  prellalnazy  aonkey  experiaent  yielded  the  following  results: 
laounlzatlon  with  alua-praclpitated  SEB  toxoid  did  result  in  the  appearance 
of  circulating  IgC  antibodies,  which  were  detected  la  low  levels  in  the  BAH 
fluids .  Oral  ioaunlzatlon  with  SEB  toxoid  solution  Induced  only  the  tran¬ 
sient  appearance  of  low  levels  of  IgM  and  IgA  antl-SEB  toxin  antibodies  in 
circulation. 

Results  froa  the  first  two  studies  (EX-Rh-101  end  EX-Bh-102}  In  which 
rhesus  aonkeys  were  laaunlzed  with  alcroencapsulated  SEB  toxoid  are  in¬ 
cluded  in  this  report.  These  data  suggest  that  an  IH  prhsary  laaunizatlon 
followed  by  an  Intratracheal  (IT)  or  oral  secondary  ianunizatlon  provides 
the  highest  antibody  response  and  best  level  of  prortection.  It  has  been 
reported  to  us  that  the  aonkeys  receiving  an  IH  priaary  and  XT  secondary 
Issamlzation  in  both  studies  survived  aarosol  challenge.  In  addition,  the 
aonkey  receiving  an  oral  pristary  axid  IT  secondary  iaaunisation  froa  Study 
EX-Rh-101  and  the  aonkey  receiving  both  an  XT  priaary  and  IT  secondary 
iBBunlzatlon  in  Study  EX-Bh-102  also  survived  the  aerosol  challenge. 
Official  docuaentatlon  of  those  results  has  not  been  received  by  Southern 
Research  or  the  University  of  Alabaaa  in  Biraingbaa. 

These  results  are  very  encouraging  as  not  on)y  have  high  antibody 
titers  been  achieved  in  the  rhesus  imnkeys,  but  as  indicated  above,  several 
of  the  aonkeys  have  been  shown  to  be  protected  froa  aerosol  challenge. 


II .  STATEMENT  OF  THE  PROBLEM  UNDER  STUDY 


The  staphylococcal  enterotoxlns  are  extracellular  proteins  produced  by 
Staphylococcal  aureus  that  have  been  deaonstrated  to  be  a  aajor  cause  of 
food  poisoning.  Serological  aethods  have  differentiated  five  classes  of 
enterotoxlns,  A,  B,  Cl,  C2,  D,  and  E  <l-6)  (Note;  References  can  be  found 
in  Section  VII.  see  Page  22).  Despite  extensive  study  of  the  structure 
and  properties  of  these  enterotoxlns,  their  precise  node  of  action  Is 


unclear  (7).  While  detection  of  the  toxin*  and  prophylaxis  of  toxeaia  is 
of  obvious  ioportance  to  the  food  industry  and  aediesi  eoaaunicy,  there  is 
also  significant  concern  from  a  ailltary  perspective  about  the  potential 
use  of  staphylococcal  entarotoxin*  as  biologieal>varfare  agents. 

Over  the  last  20  years,  studies  at  the  United  States  Anqr  Medicsl 
Research  IrsCltuta  of  Infectious  Diseeses  <USAKS1ID}  on  the  pathophysiolog* 
leal  effects  of  staphylococcal  antaretoxln  B  (SEB)  have  daaonstratad  its 
lothal  toxicity  at  low  doss*  (2S  f*S/kg  body  weight)  in  rhesus  aonksys  (8) , 
with  prssuasbly  siailsr  sffeets  in  ata.  Studiss  by  Liu  ec  *1.  (9,  10,  11} 
hsvc  shown  thex.  SEB  adainlstsrsd  Incraveaously  to  rhssu*  aonksys  in  high 
doses  (I  ag/kg  bo^  weight}  resulte  la  death  within  20  hour*  dtM  to  pulao* 
nary  cfyafunction  and  edaaa.  with  eaeendaty  affaets  on  cardiovaaeular, 
hapatie,  and  renal  function.  Under  e  biological 'werf ere  seenerio,  ailltary 
parsofmal  could  ba  expoead  to  largo  quaatltias  of  SEB,  probably  la  an 
aaroaol  fom,  which  alght  raault  in  lothal  toxeaia  aore  rapidly  chan  sial* 
lar  latrcvenoua  dosae,  given  the  aensltlvlty  of  the  lunge  to  the  toxin, 
laaunizetion  with  toxoids  of  SEB  that  result  In  high  levels  of  nsutrsllxing 
antlbodiss  alghc  be  en  effective  and  insxpsnsive  defenss  against  possible 
exposure  to  SEB  by  ailltary  paraonnal. 

The  objeetlva  of  this  resaareh  progrsn  is  to  davslop  an  SEB  toxoid 
aicrosphare  foraulatlon  with  bloeoapatibla,  blodagradsbla  polyaars.  Aftar 
oral  adalnlstration  of  thesa  alcrospharaa,  th*  aicrosphera  foraulatlon 
will  ba  daalgrsi  to  targat  and  control  tha  ralsasa  of  SEB  toxoid  in  tha 
Payer's  pstchss,  so  as  to  elicit  e  protective  saeretoxy  laaune  responeo. 


Ill.  BAOCGBOUKD  AMO  REVIEW  OF  THE  UTERATURE 


A.  Secretory  IxA 

The  aucoeel  s'trfaees  of  aen  and  other  asaaels  are  In  direct  eonclnulcy 
with  the  external  anvironaent  end  represent  Che  aejor  bodily  sl:e  of  anti* 
genic  exposure  end  recognition.  Mucosal  aeeratlons  covering  these  tissues 
represent  a  aajor  hoet  defansa  aechanlaia,  which  is  often  tiaes  undareati- 
Bated  In  laportanee.  It  was  tecognlzad  only  20  years  ago  chat  large  dlf* 
ferences  exist  in  the  proportions  of  the  various  laBunoglobulin  classes 
present  in  extemel  secretions  as  opposed  to  serua.  The  discovery  by 
Toaasi  end  colleaguss  (12,  13}  and  Henaen  (lA)  chat  IgA  is  the  aajor  iao* 
type  in  huaan  and  ocher  naaaelien  extemel  secretiona  provided  the  lapulse 
for  nuaerous  studies  on  the  oucoael  Inaune  syscea  in  both  health  and  dls> 
ease.  The  ianninoglobulins  secreted  at  these  sices  era  priaarily  produced 
by  local  plasaa  cells  which  heavily  infiltrate  the  leaina  propria  regions 
of  aucosel  sices  such  as  the  gut,  nasal  passage  and  salivary  glanda. 

Secretory  IgA  (slgA)  antibodies  are  structurally  and  functionally 
distinct  from  Che  immunoglobulins  which  make  up  Che  recirculating  pool 
in  serum.  sIgA  exists  primarily  as  a  dimer  in  association  with  a  molecule 
of  secretory  component  (70,000  daltons)  end  e  molecule  of  J  Chain  (15,000 
dalcons).  The  covalently  bound  secretory  component  is  hypothesized  to  wind 
around  the  Fc  portions  of  the  two  IgA  molecules  ari,  ‘trough  secondary 
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inc«r«cetonCt  statollls*  th«  IgA  aolaeulM  Agalnat  protaolytie  el**v4ge.. 

Ibis  strueturs  asy  proviAs  s  dlsctnet  silvsncsgs  in  chs  sffteacy  of  sZgA  In 
tbs  gut  sad  oral  esvltiss.  idileb  eogaonly  contain  bacteria  that  produes 
protsslytie  sxesasyass.  IgA  is  nslthsr  opsonic  nor  doss  It  fix  eoi^lsasne 
(both  eharactsrlatles  of  Zgtt  and  aost  claaass  of  IgC  antlbodlss) ,  but  it  is 
hl|^y  sffoetlvs  la  viral  and  toxin  nsutrslizstlon  (15,  16}  and  in  Inbib- 
Itlag  tbs  adhsrsnes  of  bactsrla  to  spithslial  cell  surfaces  (17). i  The 
ualgus  charsetsristles  of  sZgA  are  doubtlessly  a  reflection  of  ,the  need  for 
this  iaarmnglobulln  to  ftmetlen  outside  the  bo^  ubere  it  prevents  antigen 
adherenee  and  penetration. 


g.  In. the  gesnlretorv  Tract 

Aatlbediea  praseat  tridiia  respiratory  tract  originate  froa  two 
different  eeurees.  IgA  predeainatss  in  the  aueua  ehich  baches  the  nasopha¬ 
rynx  and  bronchial  tree  (U,  19).  Mors  chan  90%  of  this  IgA  is  in  tha 
llS-dlMrie  fora  and  has  attached  seerstory  eoaponent  and  J  chain,  idiile 
only  a  saall  aaeunc  is  in  the  7S-aonoaaric  fora  (20).  This  distribution  is 
in  contrast  to  the  serua  IgA  of  hueans,  uhieh  is  virtually  all  sionaoeric. 
The  aelecular  aeight  of  sIgA  390.000-395,000  dalcons  is  veil  sbova  the 
approxiaacely  200,000-dalcoa  cutoff  lapsed  by  the  capillary- alveolar 
aaahrsaa,  sad  the  IgA/albuaia  ratio  in  Che  bronchial-alveolar  vaab  (KAtf) 
fluids  is  substantially  hi^iar  than  in  sarua,  indicating  chat  the  bulk  of 
bronchial  IgA  la  locally  produced  (21).  In  this  regard,  IgA  plssaa  cells 
have  been  shewn  to  line  the  laaina  propria  of  the  airway  wall  and  are 
particularly  eoneencraced  about  Che  bronchial  glands  (18).  Diasrie  IgA 
froa  these  plasms  cells  is  bound  to  secretory  eoaponent  expresaed|  on  the 
basal  surface  of  bronchial  epithelial  cells  and  reaches  the  external  aecre- 
cions  via  active  craasporc  tiirough  this  epitheliua  (22) .  In  contrast  to 
the  nasepharynt  sad  bronchial  tree,  the  bronchioli  and  alveoli  predoai- 
nshtly  ceatain  IgC  (23).  The  ability  of  IgC  (158,000  daltona)  to  freely 
pass  the  cspillary-slveelar  asabrsas,  plus  tiie  fact  that  the  XgC/albuaia 
ratio  in  BAM  fluids  is  Che  seae  as  Chat  in  serua,  indicates  die  bulk  of 
pulaonsry  IgC  is  passively  derived  froa  chs  intraveseular  pool  (21,  23). 


C.  Cut-Assoeiate d  Lvaohorscleular  Tissue  and  the  CoaMin 

Mucosal  laaune  Svseea 

The  finding  by  Craig  and  Cobra  (24)  chat  Payer's  patches  which  are 
distinct  lyaphorecieular  follicles  along  the  gastrointestinal  tract 
(01  tract)  possess  IgA  precursor  B  cells  which  can  repopulaca  the  laaina 
propria  regions  of  the  gastroinrestlnal  and  upper  raspiratory  tracts  and 
differentiate  into  aature  IgA  synthesizing  plssaa  calls,  suggested  chat 
Che  induction  of  IgA  responses  is  not  necessarily  a  local  phenoaenon.  "lie 
Peyer's  patches  contain  a  large  subpopulation  of  B  lynphocyces  chat  are 
eonaicted  to  IgA  synthesis,  all  categories  of  regulatory  T  lynphocyces,  and 
functional  accessory  cells,  i.e.,  aacrophagos  and  dendritic  cells  (25,  26). 
Zn  addition,  Peyer's  patches  are  covered  by  a  unique  epitheliua  which 
contains  aicrofold  calls  (N  calls)  with  highly  daveloped  pinocycacic  chan- 
nals  chat  allow  aaapling  of  antigens  froa  the  gut  luaen,  and  transport  tn 
cells  in  the  underlying  doao  region,  with  subsequent  sclnulation  In  the 
B  cell  (follicles)  and  T  cell  (perefollieular)  zcne.s. 
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HsretMns  «na  BAxin  a1-  <27,  28)  Be«sur«d  the  dAVAlopmmc  sf  IgA 
responses  In  ntea  orally  lisounixed  with  soluble  (28)  or  parcle\ilate  (27) 
antigen.  A  sequential  appearance  of  antigen-specific  IgA  lynphcblasts 
occurred,  first  in  aesenteric  lysph  nodes,  later  in  the  spleen,  and  finally 
in  the  laaina  propria  of  the  CX  tract.  Subsequent  studies  have  shown  that 
oral  adainistration  of  antigen  leads  to  production  of  sIgA  antibodies 
in  the  gut  and  also  in  secretions  distant  to  the  gut,  e.g. ,  in  bronchial 
washings,  eolostnm,  ailk,  saliva,  and  tears  {29-32}.  Coupled  with  the 
findings  of  Craig  and  Cobra  (2d),  ^se  results  suggested  that  Payer's 
patches  are  anrlchad  sources  of  precursor  IgA  B  cells,  which,  subsequent 
to  antigen  sensitization,  follow  a  circular  algrational  pathway  and  account 
for  the  expression  of  IgA  at  distant  aueoaal  surfaces,  this  circular 
traffic  pattazn  provldaa  a  coasnn  aucosal  isauna  systaa  by  continually 
shuttlli^  sansicisad  B  ealla  to  ■ueoaal  sitos  for  rasponsas  to  gut- 
ancountarad  anvixenwintal  antlgans  and  potantlal  pathegons  (33) .  this 
circulatory  padnray  helps  explain  the  preaeneo  of  naturally  occurring  IgA 
aatlbodios  to  nic«»organlMss  at  sitaa  whara  local  antlgonle  stlnulatlon 
would  not  bo  axpoeted  to  occur,  this  is  bast  oxaaplifiod  by  tho  prosonce 
of  sIgA  antibodies  in  htasn  colostrua  to  gut  Eaehertehta  sail  (32)  end  the 
oral  pathogen  Streptococcus  nutans  (3d) . 

Of  pertieulsr  ixportanee  to  this  project  Is  the  ehlllty  of  oral  laau- 
nizatlon  to  induea  protective  antibodies  in  the  tespirstory  tract.  In  this 
regard,  studies  have  deaoastrated  that  the  ingestion  of  various  antlgans 
by  hunana  (35,  36),  prlBstas  (37),  rabbits  (38),  rats  (39),  and  alee  (36) 
results  in  the  appsarsnea  of  antlgen-speeifiC  sIgA  antibodies  in  bronchial 
and/or  nasal  washings,  Bi^riaMncs  by  Vsldasn  and  eollssgues  (36)  hava 
shown  that  whan  nice  era  lanunlzed  with  live  influenza  virus  via  the  nasal, 
oral,  or  rectal  routes ,  protection  against  aerosol  ehsllanga  is  conferred. 
The  protection  cerrolatod  with  the  level  of  antibodies  soerotod  into  the 
respiratory  tract,  but  no  correlation  with  sorua  antibody  levels  was  found. 
In  contrast,  psrantorsl  isaninization  was  found  to  bo  s  good  aethod  to 
induce  huaoral  antibodies  against  influenza,  but  a  poor  aethod  to  induce 
pulaonary  antibodies  and  was  non-pratactive.  Extension  of  these  studies 
with  huaan  volunteers  eonflraed  that  oral  adainistration  of  influenza 
vaccine  was  effective  at  Inducing  secretory  anti-influenzs  antibodies  in 
nasal  sserctions  (dO). 

Several  investigations  have  shown  tbst  secretory  antibody  levels  in 
htnans  (41,  42)  end  alee  (43,  44)  correlate  with  pruceetlon  against  pulno- 
nary  viral  Infection  to  a  significantly  greater  extent  that  do  circulating 
antibody  titers.  This  offers  a  valid  explanation  for  the  observation  aado 
over  50  years  ago  by  Bull  and  MeXoe  (45)  that  ineranasal  iaaunlzatlon  of 
rabbits  with  killed  pneuotococci  resulted  in  resistance  to  pulmonary  chal- 
lenga  with  live  hoaologous  pneuaococcl  in  the  absence  of  circulating  anti¬ 
bodies.  Therefore,  it  sppeere  that  oral  Immunization  to  stimulate  the 
pulmonary  immune  system  may  have  many  advantages,  including  effectiveness, 
safety,  decreased  side  effects,  and  the  potential  for  an  almost  unlimited 
number  and  frequency  of  boostings. 
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XV.  SAXIONALS  USED  IM  1HE  COBSEHT  STUDY 


Th«  uae  of  •ierooneopoulation  to  protoet  oonsltiv*  bloaetivo  agoats 
frni  dagradaelon  aad  to  control  tbaix  roloaaa  over  extondod  parloda  of  tiaa 
in  vivo  haa  baeoaa  i|ulto  pravalant.  Tho  toebaiqua  Involvoa  dta  coating  of 
a  bioactiva  agent  (aolld  or  liquid)  with  a  pcataeti'vo  vail  aatarial.  The 
vail  natariala  am  tuualXy  polymrlc  in  nature.  The  nicroaptiare  prothwt 
is  a  fras'floving  powder  of  spbarieal  paxtielea.  The  agent  to  bo  eneapsu* 
lated  can  be  coated  with  a  single  wall  of  tbs  polyaaric  mterial, 
or  it  can  be  hoeo^naoualy  dlaperaed  within  a  polyaaric  aatrix.  The  aaount 
of  agent  inside  tbs  aieroa^teraa  can  be  wary  aaall  or  can  range  to  aa  hig^ 
aa  95%  of  tbe  aierosphem  eoapositim.  The  diaaatar  of  aicrospheraa  can 
be  leas  that  1  loi  or  aa  largo  aa  5  am. 

the  uae  of  ■ieroaphams  to  deliver  vaccine  antigens  to  the  Payer's 
patches  offers  several  advantagas.  First,  a  aicrosphere  foraulation  can  be 
designed  to  pmtaet  the  antigens  fron  degradation  during  passage  through 
gastrointestinal  tract  and  than  facilitate  upeaka  into  the  Foyer 'a 
patches.  After  uptake,  the  aicrosptiaras  can  release  the  vaccina  antigens 
at  a  controlled  rate  over  a  period  of  hours  to  aentbs. 

One  nieroapham  systen  of  particular  interest  involves  die  use  of 
poly(laetida«ee*glyeelide}s  <FL6a)  (4d*47).  PLCs  am  bioconpatible ,  blode* 
gradable  polyesters  and  am  fron  die  eaae  class  of  naterial  used  la 
'  msocbable  sutures.  They  biodegrade  in  vivo  into  lactic  acid  and  glycolic 
acid,  eventually  carbon  dioxide  and  water.  The  nechaniem  Pf  degradation 
is  by  Iqrdmlysis  of  tihe  ester  linkages.  The  rata  of  degradation  for  diese 
eopolysem  is  prinarlly  dateminsd  by  the  ratio  of  laetlu  to  glyeolide 
in  die  eopolyaer  (58).  For  instance,  DL*FLC  wi^  a  50:50  sola  retie 
of  DL-leetido*to>glyeolide  will  eosplatoly  biodegrade  in  vivo  when  edainis* 
tamd  aubeutanaously  (SC)  or  Intreauacularly  (IM)  within  about  6  weeks, 
while  poly(DL>lactida)(DL'FL)  eo^^lataly  biodegrades  in  about 
10  to  12  aonthe. 

0ns  of  tho  ujor  advantages  of  DL-FtC  nleresphom  systane  la  tha 
flaxibility  allowod  in  fomulating  dia  specific  duration  of  rolaase. 

It  is  well  known  diet  specific  cntlgena  requim  different  lengths  of 
expoeuro  to  elicit  e  stmng  priaary  meponae.  The  tiaa  required  before 
m*expesum  to  elicit  dis  aost  potent  socondaxy  meponae  also  varies 
with  diffomnt  antigens.  By  using  different  eoabinations  of  DI.>FLBs, 
delivery  syetaas  that  daaonatrata  the  proper  mleaeo  rates  or  mloese 
progrea  can  ba  proparod  for  virtually  any  antigon.  Nora  epaeifically, 
a  foraulation  can  be  designed  so  that  part  of  tho  antigon  la  relaased 
soon  af tsL  tho  alcmepheros .  are  taken  up  by  the  PP  to  olicit  tho  prlacty 
roaponso.  Than,  no  additional  antigon  will  be  released  froa  the  aiero* 
spheres  until  sufficient  tins  has  elapsed  to  obtain  an  efficacious 
secondary  response.  At  this  tiaa  (as  a  rasult  oi  dagradation  of  the 
polyaer),  edditlonal  antigen  will  be  released,  potentieclng  the  secondary 
response.  If  desired,  aultiple  releasee  of  antigen  at  different  tlaes 
could  be  Incocporeted  into  the  final  aicrosphere  fomuletlon.  The  tlaes 
at  which  the  antigen  would  bo  rsloesod  froa  the  foraulation  would  dopend 
on  the  DL'FLCs  used  in  the  foraulation. 
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V.  E3CPERIME3rCAL  METHODS 


A.  Mice 

BALS/e  (original  breeders  obtained  froa  the  Jackson  Leberacorles 
Bar  Hax^our,  ME)  were  bred  and  naincained  in  our  facilities  at  the 
Dniversii^  of  Alabena  at  Bininghsii.  All  alee  used  in  these  studies 
were  8  to  12  weeks  of  age  at  the  initiation  of  the  procedures  and 
were  of  aisud  sexes. 


B.  Bheatis  Monkey 

Maeaqua  aulatta  aonkays  were  obtained  from  the  Texas  Vriaate  Center. 
All  aenkeys  were  9  to  12  aont^  of  age  upon  receipt. 


C.  Imaunolofte  Reagents 

Solid'phase  absorbed  and  affinity-purified  goat  XgC  antibodies 
specific  for  aturine  IgH.  IgC.  and  IgA  were  obtained  froa  (Southern 
Biotechnology  Associates .  Birainghaa,  AL)  .  Their  specif  leity  was 
confiraed  in  radioiaBunoastrie  assays  (RZA)  using  purified  aonoelonal 
antibodies  and  ayeloaa  proteins  as  substrates,  ttybrldoaa  cell  lines 
producing  aonoelonal  antibodies  specific  for  the  aurioe  entlgens  Thy  1.2 
{30-H12,  rat  IgS^t,  (59)J,  Ly-1  153-7.313,  rat  IgCj,  (59)],  byt-f  {53-6.72, 
rat  IgCj.  (59)],  L3TA  [CK  1.5,  rat  IgCj^  (60)],  B  220  [BA  3-3A1/6.1.  rat 
IgH  (61)].  X|^  [331.12,  rat  IgC^k  (62)]  and  MAC- 1  [Ml/70.15.11.5,  rat  IgG,,, 
(63)]  were  obtalnad  froa  the  Aaerican  Type  Culture  Collection.  (Rockville. 
KD).  All  lines  were  propagated  in  vitro  and  the  antibodies  in  the  culture 
supernatants  were  purified  by  sequential  precipitation  at  50%  saturation 
in  aaaoniua  sulphate,  anibn-«cehange  ehroaatography  (DE-S2,  Uhataan, 

Kent,  England),  and  sizing  on  AcA  34  (IKB,  Bronaa,  Sweden)  for  IgC 
and  AcA  22  for  I^. 


D.  Rsdlolodlnatton  and  ImBunoradlometrle  Assays 

Solid-phase  absorbed  and  affinity-purified  goat  IgG  antibodies  specif¬ 
ic  for  nouse  total  iaaunoglobulins ,  IgH,  XgC  and  IgA  were  radio iodinatad 
with  carrier-free  Na  ^‘^I  (Aaershan,  Arlington  Heights,  XL)  using  the 
ehloranine-T  nethod  OMdified  to  reduce  oxidative  danage  to  proteins  (64). 
Radioiasnsnoaetric  assays  (RIA)  were  perforsod  in  laonilon  assay  scrips 
(Dynatech.  Chantilly,  VA)  coated  with  SEB  toxoid  at  5  ng/aL  in  pH  8.4, 
borate-buffered  saline  (BBS)  overnight  at  4  *C.  Control  scrips  were  left 
uncoaced,  but  all  strips  ware  blocked  for  2  h  at  rooa  ceeiperaCure  with 
1%  (w/v)  bovine  scrua  albumin  (Signa,  St.  Louis,  MO)  in  BBS,  which  was 
also  used  as  the  diluent  for  all  samples  and  ^^^I-labeled  reagents. 

Various  2-foId  dilutions  of  test  sera  were  added  to  washed  triplicate  . 
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rcpliut*  v*lls  «nd  laevlMC«d  for  £  h  *e  2S  *C.  Aftor  washing.  1(H), OOO  epm 
of  ^^^X'labolod  isoC]rp«*sp«clfio  aotl>lasRinoglobttlin  roagont  was  ad^d 
CO  aaeh  wall  and  Inei^tod  ovaml^t  at  4  *C.  Following  r«wval  of  tba 
unbound  ^^*I>aaeibodltta  by  vashing,  tha  walla  wars  eountad  in  a  Caasa  SSOO 
siMiecraaMitar  (Baelawo  Instnaants,  trvlaa,  CA).  tha  raaulcs  hava  baaa 
praaantad  as  th*  raeipraeal  of  tha  sarus  Elution  producing  a  signal 
graacar  than  3  tiaas  that  of  tha  gxoup*Batehad  prablaad  at  tha  sasM 
dilution  <atMl*poine  tlcxatlon). 


g.  Charaetarlsatlon  of  MlerostihaMS 

lha  eera  loading  for  aaeh  batch  of  nlerosidiatas  was  datanainsd  by 
first  aatxaeting  tha  pratain  (SSB  twcoid)  fron  a  known  anount  of  nicre* 
spharas.  Tha  axtractad  protein  was  then  quantlfiad  using  a  eolorinatrle 
pratoin  assay.  Tha  antigan»cootatning  nierasi^ras  ware  also  eharaetarizad 
with  respect  to  In  vitro  ralaasa  kinetics  using  me  proeaduras  outlinad  in 
our  First  Annual  Report,  Pages  8  to  10. 


F.  Prcteadura  foi-  Samltny  Phasue  KoAav  tuns  Saeratlons 

As  the  aajor  goal  of  tha  rhesua  studies  is  to  Inaastlgata  tha  indue* 
tian  of  SSB  texin*natttrallzing  entibodiea  in  dta  lungs.  ^  first  group 
of  prinates  was  used  to  davelop  d»e  procedures  for  collecting  saaplas  of 
puLsonary  saeratians.  In  order  for  tbasa  saaplas  to  ba  usafhl  in  the 
evaluation  of  the  various  Isniml  ration  schoaes  to  ba  tasted  under  this 
contract  effort,  they  nust  contain  a  level  of  total  1— unoglobulltt  which 
is  sufficient  to  allow  dateetlon  of  idle  antigan*spaeifle  eoaponant. 

Further,  antibodies  of  the  XgC  and  IgA  isotypes  nust  be  well  represented 
in  order  to  draw  fim  eooeluslons  ab^t  the  relative  contribution  of 
locally  synthesised  versus  blood  elreulatlan  derived  rasponsos. 

Initial  attempts  to  obtain  aaorations  using  a  pediatric  bronehoeeepe 
were  unsueeassful.  The  internal  tr:.  heel  diaaeter  of  dM  young  rhoeus 
nonkeye  wee  found  to  bo  unaxpaetedly  snail  by  eoaperisen  to  a  hunan  infant 
of  eonparabla  weight.  Tha  result  was  that  tba  4*an  outer  dianatar  of  the 
bronehoseepa  cowplataly  aceludad  tha  trachea  upon  insertion.  Although 
samples  could  ba  obtained  fron  the  proxinal  airway  by  lavage,  diay  ware  of 
ineuffieiant  voluna  and  antibody  content  to  ba  of  use.  In  addition,  tha 
aonkays  rapidly  bacana  eyanotle.  naeaaaitating  ^t  tha  work  ba  parfomad 
over  such  e  short  period  of  tine  es  to  prevent  careful  and  reproducible 
eanple  collection. 

To  overeone  the  above  liaitations  the  seapling  procedure  was  changed 
to  one  which  enploye  the  ineertion  of  e  tracheal  ti^,  throu^  which  a 
suction  eathstar  nay  bo  passed.  This  approach  has  proven  to  be  highly 
aueeessful,  end  has  bean  adopted  for  these  priaate  studies.  In  brlsf. 
fasted  nonluys  were  aneschecized  by  the  Intreauacular  injection  of  ketaalne 
hydrochloride.  After  obtaining  a  blood  saaple,  and  gastric  contents  were 
reaoved  by  suction  through  an  8-> French  x  14*  inch  pediatric  feeding  cube 
ineerted  into  the  stoaach.  Intratreehaal  intubation  was  acconplished  with 
s  3- French  x  12 -ca  pediatric  traeheel  cube  which  was  inserted  through  Che 
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glottis  with  the  aid  of  a  6-French  intubating  stylet.  After  taping  the 
tracheal  Cube  in  place.  Che  anloal  was  briefly  ventilated  with  humidified 
100%  oxygen  to  prevent  hypoxemia  during  Che  subsequent  steps.  One  bL  of 
phosphate  buffered  saline  (PBS)  was  placed  into  tix*  hub  of  Che  tracheal 
tube  end  allowed  to  pass  into  Che  lungs  by  nocmal  respiratory  action.  An 
6'Freneh  X  14>inch  suction  catheter,  attached  to  a  vaeuuB  line  durough  a 
15>taL  crap,  was  iaoMidiacely  passed  through  the  tracheal  tube  to  recover  the 
wash  fluid,  the  euetlon  eetheter  wee  then  withdrawn  end  the  mucus  adhering 
CO  Che  bore  of  the  tube  wee  weshed  into  the  crap  wi^  2  mL  of  additional 
PBS.  Tha  samples  were  clerifled  by  centrifugation.  Sodium  eride. 
phenylmetfayl-eulfonyl  fluoride,  and  fetal  calf  sarum  ware  added  as  preser* 
vecive.  protease  inhibitor,  and  mltamata  eubecxata  for  protease  activity, 
raspaetively.  All  eamplas  ware  stored  at  >70  *C  until  aaeayed. 


VI.  BESOUS 


i.  Preparation  of  SEB  Toxoid  Mieroanheres 

During  this  reporting  period,  wa  prepared  the  SEB  toxoid  alerospheres 
for  use  la  Che  rhesus  monkey  studies,  the  iniciel  hatch  of  mieroephsces 
(Coapeelce  F787*074-00),  thee  vs  prepared  were  coo  smell  (97.3%  <  5.3  la 
in  dieswcec).  the  in  vitro  release  profile  also  indicated  too  rapid  a 
release  of  tha  SEB  toxoid.  Ibsse  data  act  shown  in  Figure  1  (Appendix  B). 

A  eecoxHl  coMposiCe  batch  of  mierosphares  was  chsn  preparad,  F787-I10*00. 
this  batch  eonsistad  of  miereapherss  that  were  more  apprepriataly  sised  and 
had  more  favorable  in  vitro  relasae  eharaeceiriscies .  these  data  are  illus« 
traced  in  Figure  2. 

One  final  batch  of  SEB  toxoid  mierosphares  was  prepared,  this  batch 
(Compoaics  F787>124>00),  was  prsparad  to  ensure  that  a  sufficient  supply  of 
mierosphares  would  be  on  hand  for  the  monkey  studias.  the  in  vitro  release 
profile  end  size  distribution  for  this  batch  of  mieroepheres  ere  shewn  in 
Figure  3. 

All  of  ths  SEB  toxoid  mierosphares  prepared  during  this  reporting 
period  ere  described  in  Table  1.  Size  distributions  for  chess  alerospheres 
ere  suassrized  in  Table  2. 


B.  lamunlzatton_Reault3  of  Monkey  Study  EE-Rh-IOQ 

the  prellmlnery  rhesus  monkey  study.  EX>Rb-100,  wee  designed  to  pro* 
vide  a  bridge  to  the  existing  data  regarding  ths  sblllcy  of  ZH  Immunization 
with  alua*prsclpltated  SEB  toxoid  and  oral  immunization  with  hl0t  doses  of 
toxoid  in  solution  to  raise  circulating  entl*SEB  toxin  antibodies.  This 
experiment  also  provides  Information  about  the  levels  of  anti* toxin  In  lung 
secretions  after  Immunization  by  these  two  methods.  The  toxoid  forms, 
doses  and  Che  timing  of  Che  doses  were  selected  to  eppcoxlmste  Che  studies 
of  Bergdoll  (37). 
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for  SoM^  IX'Uk'lOO.  tbroo  pmifa  of  coo  aoaioqro  oodi  wore  tiimirod 
w  falXom: 

Croup  1:  ttofduq^  89  8109  ood  89  8093 
Eocool  eoacrels 

Croup  2:  Monkof*  89  8108  4B)d  89  8115 

100  PS  of  SE&  eosei4  oo  «luo»  adotnlifrod  bj 
nC  ipJoeti.oa  OQ  Haym  0»  49,  and  109.' 

Qtmufi  3:  Heakoya  89  8043  aad  89  BIOS 

10  of  S88  toBoid  ifl  0.7«  bleuboaaea,  adainlotorod 
by  oral  sawago  on  Oaya  0,  49,  and  lOS. 

floMUk  aanpla^i  «oro  collaeeod  oo  Oiqr  0  and  a«  7-day  lasarvmla  threap 
Day  98.  BAV  aanplaa  mro  eolloetad  on  0^  0,  28,  49,  77,  aad  98. 

1.  fliisB  MtL-Stt  888teJ«iB91»88 

Bod-polar  tlcrarion  in  BUSAa  anpleying  aoUd-phaaa  adsorbad  S8B  eoain 
conftmod  tba  abaatwa  of  toacia-roaetivo  aatlbedlaa  of  any  iaotypa  la  tba 
prablaada  of  all  <dio  naakays  aaployad  la  tMa  atudy.  Tha  coaerel  amkayi. 
89  8109  (Flgura  4)  and  89  8093  {Flfuxa  3),  naatnad  aaxologleally  nagaclva 
la  all  iaotypoa  ce  SBB  eoala  at  tbm  lowaae  taatad  dilution  of  plaaaa  (1:50) 
dixoa^bout  tha  pariod  of  thia  atudy. 

Iba  cm  aoOieaya  lanuaixad  wi^  SBB  toxoid  praeipitatad  on  aa  alun 
aluxry,  89  8106  (Flfuxa  6}  and  89  BllS  (Pisura  7) .  raopoodad  wl^  tha  pro¬ 
duction  of  SE8  toxla-apaeifle  cireulati^  antibodlaa  in  aaeh  of  tiia '  tiiraa 
laotypaa.  Xgfl  anCi-SiB  toxin  citara  raaehad  naxtnal  looala  14  days  aftar 
tha  prlaary  txniiturtiiu  in  both  nonkaya,  and  vara  dataetabla  thxou^iout 
tha  prlaary  taaponaaa.  Followias  booatiag  on  tty  49,  Mookay  89  8115  daaon- 
atratad  a  aacondaxy  riaa  In  IsK  anci-t»xin,  ahila  Monlny  89  8106  did  not. 
Hotiovar.  lata  in  tha  oouraa  of  tha  aaeondary  raapenaa,  aad-texin 
titara  in  botih  nonkaya  baeaaa  undataetabla.  Iba  bulk  of  diO  eireulatins 
anci-SE8  toxin  raaponaaa  in  tha  aookaya  raeoivins  al«  praoipitatad  toxoid 
mra  of  tha  IfC  elaaa.  Haxlaal  XgC  anci-SBB  toxin  titara  mra  aehiovad  in 
both  nonkaya  by  Day  28.  NoidEay  89  8106  nountad  an  tarliar  and  nora  vigor- 
oua  IgC  raaponaa  a^eh  raaehad  a  paak  citar  of  102,400  on  Day  21,  vhila 
Konkay  89  8115  ajdilbitad  a  paak  titar  of  25,600  uhieb  waa  net  raaehad  until 
Day  28.  tevavar,  both  nonkaya  oxhibitad  a  aacondaxy  raapenaa  idiieh 
aehiavad  a  titar  of  409,600  on  dko  I4th  day  following  booatiag. 

Circulating  Xg4  anti-SE8  toxin  antibodiaa  mra  only  obaarvad  in  low  titara 
aftar  ianunizatlcn  with  tha  alun-pracipltatad  toxoid.  Ona  aonkay,  89  8106, 
producad  a  low  and  tranaionC  IgA  raaponaa  idilch  colncidod  with  dio  paak  of 
dM  aacondaxy  raaponaa.  Tha  ethor  nonkay,  89  BUS,  producad  a  low  IgA 
raaponaa  aeroaa  tha  latar  portion  of  tha  prlnary  raaponaa,  but  no  raaponaa 
waa  dataetabla  aftar  booating.  Thua,  tha  tm  nonkaya  injaetad  with  alua- 
procipltatad  toxoid  ratpondad  aoaawhat  dlffarantly  to  tha  prlaary  laBunlza- 
tlon.  Nonkay  89  B106  raapondad  aoro  rapidly  and  producad  4-  to  8- fold 
higher  levola  of  IgM  and  IgC  anti-toxin  Chan  Monkay  89  8115.  Homvar. 
following  aacondaxy  taaiint ration,  both  nonkaya  aehiavad  tha  sane  circu¬ 
lating  titar  of  XgG  anti-toxin. 
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In  contrast  to  tbs  high  cttsrs  of  cireulstlng  «nci*coxiii  sncibodies 
achieved  by  the  systemic  injection  of  lOO>^g  doses  of  toxoid  on  alue,  the 
two  s»nkoys  receiving  10*flig  doses  of  toxoid  orally  exhibited  only  sporadi* 
cally  detectable  circulating  anti 'toxin  antibodies.  As  shown  in  Figure  8, 
Konkey  89  S043  produced  low,  but  clearly  detectable,  IgA  anti'toxin  anti' 
bodies  on  bay  28  after  the  prlaazy  adainistration  and  7  daya  after  ^le 
secondary  adsdnistration.  Konkey  89  8103  also  exhibited  a  low  circulating 
IgA  response  (Figure  9}  7  days  after  ^  secondary  adainistration  and  an 
additional  transient  XgK  response  on  Day  33  axid  42  following  the  secondary 
adainistratien.  Overall,  the  adainistration  of  even  high  doses  of  SEB 
toxoid  in  solution  appears  to  have  been  virtually  ineffective  at  the  Iwhic* 
tlon  of  circulating  aaci*SEB  toxin  antibodies. 

2.  BtflmAlal'alveolar  wash  antl.SEB  toxin  resnonses 

Ass^  of  the  BAH  fluids  obtadnsd  froa  ^  aonkeys  in  EX*Bh*IOO 
revealed  ttiMt  SEB'speelfte  sntlbodias  could  only  be  detected  in  the  saeples 
of  ^le  Itng  fluids  obtained  froa  the  two  aonkeys  which  had  received  3H 
laaunixacien  with  the  alua>pTeclpicaCad  toxoid  (Table  3) .  These  antibodies 
were  rostrieted  to  the  ZgC  isotype  and  were  not  detected  until  Day  49. 

They  were  present  at  die  hig^test  level  (titers  of  80)  on  Day  77,  and  fell 
to  titers  of  10  on  Day  98.  Following  a  tertiary  IK  iaaunisation  on  Day 
105,  tbeaa  aonkays  raaiatad  aorosol  challenge  with  SEB  toxin. 


C.  iMsmlzatlon  Results  of  Monkey  Study  BC-Rh-lOl 

1 

Experiaent  EE'Bh-lOl  wee  deelgned  to  investigate  the  efficacy  of 
iaaunizlng  with  SEB  toxoid  aicrospMrss.  Mora  specifically,  10  aonkays 
were  eaployed  in  tsstlng  SEB  toxoid  aicrosphsres  prapsrad  with  s  ' 

33:47  DL'PLG  exclpisnt.  Thsso  aierospheres,  coaposits  Botch  F787'110'00, 
contsined  0.41  wt  %  SEB  toxoid  snd  were  1  to  10  a*  in  dieaeter.  One  of 
the  10  aonkays  was  used  as  a  noniflaninized  control,  end  the  rsasining 
9  aonkeys  were  edainistered  SEB  toxoid  aierospheres  in  the  nine  possible 
eo^instions  of  priaary  and  secondary  iaaunlzations  using  the  IK,  oral 
and  intratracheal  (IT)  routes  of  adainistration.  A  ■iimiiji  of  tha  isauni- 
cation  regiaens  is  given  in  Table  4. 

Tha  rhesus  aonksys  vers  bled  for  plssae  saaples  on  Day  0,  and  every 
7  days  therasfter  through  Day  98.  BAH  saaples  were  obtsinad  on  Days  0,  28, 
49.  77,  and  98.  All  saaplas  were  tested  for  SEB  toxin  specific  antibodies 
of  the  IgK,  IgG,  and  IgA  isotypes  by  end-point  titration. 

1.  Flasaa  snti-SEB  toxin  responses  following  orlnarv  inmunlcattana 

The  noniaaunised  control  aookay  (89  B088)  did  not  exhibit  detectable 
p  isae  enti'SEB  toxin  antibodies  of  sxiy  isotype  at  any  tine  point  tested 
(Figure  10} . 
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«.  Primary  TM  igawintgaetan  ^Mnrieava  89  fc096.  89  B161.  and  89  B210^ 


Each  of  tbo  waekey*  tiut  «or«  adainistorod  a  priaaxy  IK  iaanmlzatlon 
vi^  100  jig  of  aieroaneapBulatad  SEB  toxoid  aountod  a  brisk  elrculatir^ 
antl'Coxla  rosponso  tdileh  vas  obsorvod  la  all  Laotypmt,  but  idilch  ma 
pradoaliumtly  Isd.  t!basa  taaiins  tosponsos  aro  sra^leaXly  lllustfatod  in 
Appandlx  B  as  Indieatad: 


Monkey 

nSiCft 

89  B096 

U 

89  B161 

12 

89  B2I0 

U 

tha  roaponsas  by  Monkaya  89  Bldl  and  89  B210  vara  alailar  la  that 
dwir  prlaaxy  Igff  anci*toxla  titara  of  102,400  wara  actainad  on 

Day  28  and  rsaalnad  at  this  laval  throu^  Day  49  uhan  boostar  iaaunlzationa 
«ara  ateiniatarad.  Za  eoatraat,  Moakay  89  B098  aouatad  a  plaaaa  IgG  ra- 
spoBsa  irtileh  aresa  aora  slowly,  but  whieh  staadlly  Iseraasad  chrou^  Day  49 
to  a  titmv  of  409,600.  Thus,  aaeh  of  tha  moekmy  Inaunlxad  with  100  pg  of 
aneapsulatad  SEB  toxoid  attalnad  pzijMiy  IgB  aatl>toxin  lavals  idiicb  atjual* 
led  or  axeaadad  tha  paak  prlaary  Zgff  anci'tmcla  tltar  raaehad  by  tdia  xen* 
keys  aaklag  tha  hi^iut  rospoaaa  to  ianunlsatloiv  with  100  mb  of  SEB  toxoid 
praelplcatad  on  alun.  In  addition,  tha  xonk^  inaunlxad  with  the  alezeaa> 
eapsulatad  toxoid  aalntalnad  thalr  antl^toxla  lavals  batter,  and  by  Di^  49 
their  plaaaa  ZgC  antl>toxln  titers  ware  2  to  16  tines  hl^r  td>ia  tha 
aonkays  lanunizsd  with  the  alua*praelpltated  toxoid. 

b.  Primary  YT  iatmisattan  fMertcavs  89  B079.  89  BQQl^  and  89,3116: 

Prlaaxy  XT  iamaisatlon  with  100  mB  of  aleroaneapaulated  SEB  toxoid 
ladueed  a  circulating  aacl>SEB  toxin  responsa  In  aach  of  the  tiaras  aonkays. 
Tbesa  rasponsas  era  given  in  Appextdlx  B  as  fellows: 


Monkey 

£UUC8 

89  B079 

14 

89  BOOl 

15 

89  8116 

16 

In  two  of  tits  three  aonkays  (89  *8079  and  89  BOOl} ,  the  response  was 
exclusively  of  the  IgH  isotypa.  The  titlrd  aonkey,  89  B116.  produced  an 
early  IgM  response  which  was  followed  by  an  Xg4  response.  The  Igtt  re* 
sponses  were  quite  individual  in  nature:  Nonkay  89  B079  produced  an  early, 
hi|^  response.  Monkey  89  BOOl  produced  a  late  response  of  intecaedlate 
level,  and  Monkey  S9  B116  produced  an  early  but  low  response.  Hone  of  the 
IT-ianunlted  eonkeys  produced  a  aaasurable  plasaa  IgG  anti* toxin  response 
at  any  of  the  time  points  exaalned. 
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Not«:  th«  coisplet*  absence  of  •  elrculatlne  tgfi  roaponao,  and  the 
presence  of  only  a  low  XgA  raapooaa  in  one  of  Che  aonkeya,  ia  In 
contrast  to  the  extremely  vigorous  responses  observed  In  mice  follow* 
Ing  XT  iosaunizaclon  with  SSB  Cexold  alerospherea  (reference  Third 
Annual  Report,  page  12).  This  prompted  us  Co  review  the  nsnner  in 
which  the  primary  IT  iaaunisation  of  these  three  monkeys  had  been 
performed.  After  review,  we  realized  chat  the  microsphere  auapenaion 
had  been  instilled  through  a  eachetef  passed  daap  into  one  lung.  This 
likely  delivered  the  aierbepheres  to  only  one  segnuinc  of  one  lobe.  Xn 
contrast,  tha  XT  loMnizaclona  eaployad  in  the  mouse  studlaa  Involved 
the  instillation  of  tha  auapanalon  into  Che  treebaa.  This  Ceohnlctue 
resulted  In  a  mors  uniform  daposltion  In  both  cht  upper  wd  lower 
respiratory  tract.  All  auhsaquant  IT  lanuaizaetons  of  tihs  iritMSua 
monkeys  (beginning  with  Che  CX-Sh>10l  booatar  imnunizacions)  ware 
parformad  by  paaslng  tha  catheter  Just  beyond  tha  and  of  th*  Intra* 
tracheal  tuba.  Significantly  Improved  responses  have  raaulcad,  aa 
shown  in  tbs  EZ*Bh«101  mraksys  receiving  sscondary  Imounlzacions  via 
the  XT  route  (decs  discussed  below) . 

e.  Primary  Orel  imnunlzatlOH  tMonkava  89.  B06Q..  Sft,  a064.-Jg  hOSAl 

Following  oral  immunization  with  cha  mioroanoapsulacad  ESfi  toxoid,  one 
of  ^a  menkaye  (89  B060)  did  not  exhibit  a  damonstrahla  plasma  anti* toxin 
response.  However,  the  other  two  sMnksya  (89  80(4  and  89  8034)  did  produce 
circulating  sncibodlas.  The  responses  are  Illustrated  in  Appendix  8  as 
indicated: 


Monkey 

Ftyure 

89  8060 

17 

89  80(4 

18 

89  8034 

19 

Monkey  89  8034  produced  an  XgN  response  which  was  present  sc  a  titer 
of  800  on  Osya  28  through  49.  In  eentrssc,  Monkey  89  80(4  responded  with 
en  early  IgM  response  which  peeked  on  Day  14  end  fell  to  en  undetectable 
level  on  Osy  42.  Xn  addition,  this  monkey  produced  an  IgC  and* toxin 
response  beginning  on  Osy  28  and  peaking  on  Day  4  at  e  clear  of  1,(00. 
Although  2  of  the  3  monkeys  immunised  with  the  microencapsulstsd  SE8  toxoid 
produced  clear  responses  in  the  plaeau,  none  exhibited  detectable  XgA  anti* 
toxin  ectivity. 

2.  Plesma  anti-SM  en«tn  rsanonses  fallmrlr.  ■eaondxrv 

a.  Soeondarv  Imunizatlons  of  IM.prlmed  monkey 

As  a  group,  Che  monkeys  administered  primacy  IN  immunlcsCLens  with 
microencapsulated  toxoid,  end  boosted  with  the  SE8  toxoid  alerospherea 
either  systealcally  or  by  the  two  mucosal  routes,  exhibited  good  levels  of 
circulating  anti-toxin  antibodies.  The  orally-boosted  monkey  (89  8096, 
Figure  11)  maintained  en  IgC  enclbody  level  which  was  of  the  same  order  of 
magnitude  as  monkeys  administered  primary  and  secondary  Imnunizationa  with 
toxoid  precipitated  on  alum.  The  XT-beoeted  monkey  (89  Bid,  Figure  12) 
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b.  Ba.^jaij,g.g/„ltmauniaatiOM.Qf.  lT»prl«ed  monkmvm 

V&tt  th#  t**i&n*  discussed  pesvlously.  tha  nonkeys  receiving  *  prlaery 
i^iunisAtlon  wtch  the  Blexoeneepsulated  SEB  toxoid  were  poorly  prised. 
Wavevep ,  both  the  XT  end  IH  roucas  proved  to  be  effective  boosters  in  these 
The  levels  of  IgC  entt>eoxin  antibodies  prodxiced  by  these  second* 
iueiijwiietions  were  greeter  then  these  obteined  in  2  of  the  3  sonkeys 
?«etivtn|  e  ptiMAty  XK  inaunixetions. 

(1)  fiEel^bafletlas  ag  It-nrlned  Monkey  69  M70 

Hitkl  beoiting  of  this  tT»priaed  nonkey  did  not  result  in  tdie  induction 
a  nirouletlng  enti'toxin  response  thee  was  detectable  in  any 

m  A)^  ti»e  point  teeted  (Figure  14).  However,  there  U  evidence 
^•1  ChO  opal  hooetittg  did  stiawXete  the  i^peeranee  of  specific  enti*toxin 
iAIibddita  at  low  lavel  in  the  &AW  fluid  saaplee  of  thia  nankay. 

iy..bOflefcine  of  IT.prised  Monkey  89  BOOl 

{f  hoosting  of  Monkey  19  SOOl,  which  had  received  e  priaery  XT  tsenml* 
itidueed  the  oppeerenee  end  e  rapid  rise  in  the  level  of  plesne  IgG 
Ahllhidles  (figure  13),  On  experiiuiu  utl  Dey  70,  these  antibodies  reached  e 
ftl  104,100,  and  thlt  level  wee  auiintained  through  Oey  98. 

(I)  lMJiafliBiB«,_of  lT*nrtned  Monkey  89  8114 

NllawihM  an  XM  beoet  with  SSI  toxoid  sleroapheres ,  IT<ipriaed  Monkey 
II  IVU  aehibiiad  a  I'epid  rite  In  both  X^  and  IgC  enti*toxln  antibodies  in 
the  difduiallan  (Figure  16).  With  the  exception  of  the  IgM  eenponent,  the 
by  ^i«  Monkey  be  the  1T*ZM  regiaen  wee  quite  siailer  to  that  seen 
In  lli«  mnki>y  adHiniiitved  ^e  XT*XT  sehcdule.  The  XgC  entl*coxin  titer 
m4  804 4ti  Oey  08  of  the  study. 

«•  Sifisaagry  luauniLmilaMi ■,tf.„oiiIly-ygiBBO,  aoidtsYi 

Ihe  Matikeye  editi)  titered  e  prlnery  oral  laounlzetion  with  the  aicroen* 
«4peuUbed  lU  toeoid  were  oleesly  reepeneive  to  secondary  iwunizetlon  vie 
•yeteaie  (IM)  end  eMCoeel  (IT)  routes.  The  204,600  titer  of  clreulecing 
IfS  SAIi’leeU  Sfibleved  by  both  IT  (Monkey  89  1064)  and  IH  (Monkey  69  1034) 
eieetly  «h«we  that  eysteaie  tolennoe  has  net  been  induced  through 
eiel  iMMMUebtwn  wilh  the  aioroenoepeuleted  toxoid.  That  both  these 
maknytt  ««bieved  eireuleting  titers  greeter  then  those  Induced  in  2  of  the 
1  awiweye  reeetving  priaery  IM  iHeunisation  with  the  Blcroencspaulaced  SEB 
euageete  (Net  e  degree  of  eyeteaic  priatng  has  taken  place.  Soae- 
wlteb  ii  the  tetel  leok  of  e  reeponso  In  Monkey  89  B06O  to  both 

Pfiaaty  end  eesAndety  orel  Uaeunixatlon  with  the  SEB  toxoid  aicrospheres , 
vtiia  eeher  Menkeye  aede  oleer  reeponees  to  «  single  oral  iataunizetion. 
legether  with  the  feet  that  Monkey  89  B079  was  clearly  nonresponslve 
»i4i  lh««a  tlACa  auggaac  a  threshold  effect  in  which  only  soae 

atit  euHMevt  era  taaelvlng  en  effective  eaount  of  vaccino.  To  what 
atiitu  lARitu  faataia  say  play  e  role  is  not  known. 


(noFtxsDuty  tkromiMxmi) 
(oatmxn  face) 

<1}  &cal  bffffattat  gf  grallYTggiagd.tfgnhtY  fttiMtS 

Monkay  89  B060  failed  to  pxodueo  a  dataetabla  plaaaa  raspons* 
following  alcbar  tha  priaaxy  or  aaeendary  oral  IsBunication  wiUi 
alcroeneapsulatad  SEB  toxoid  (Flgura  17). 

i 

(2)  IT  beoatlng  of  orallv-ortaad  Mankaw  >9  1064 

XT  booatlag  of  Monkay  69  6064.  «diieh  had  aada  tha  graataat  plaaaa 
raaponaa  to  a  priaary  oral  laaunlzatloa.  raaultad  la  an  laaadlata  rlaa  in 
tha  lavala  of  IgG  aatl-texla  aattbediaa.  Thla  raaponaa  raaehad  a  titor  of 
204,800  on  Day  56  (Flgura.18).  Tha  tltar  raaalaad  ataady  at  thla  lawal 
throui^  Day  98.  Thla  Indleataa  that  tha  aodlfleatlon  to  tha  IT  laaunlxa* 
tlon  procadura  provldad  an  affactlwa  laauaixatien  with  tha  nleroaiteapau> 
latad  SEB  toxoid. 

(3)  IK  booatliMt  of  orallv.orlaad  Monkav  J9_  B034 

Thla  xonkey,  which  had  alao  raapondad  to  tha  priaary  oral  laanmisa* 
tlon,  produead  a  clear  raaponaa  to  aaeondaxy  XM  lanunlxatlou  (Flgura  19) . 
Onlllw  tha  orally-prlaad  aonkay  that  vaa  booatad  by  tha  XT  route,  thla 
aonkay'a  tltar  of  IgC  ancl-toxln  roaa  progxaaaiwaly  through  Day  77  to  a 
tltar  of  204,800.  On  Exparlaantal  Daya  77  dirou^  98,  tha  plaaaM  IgG  antl> 
ttnla  loval  raaalnad  ataa^. 

BAB  anti -SEB  toxin  raaoonaaa  froa  ET.Bh.lOl 

At  no  tiaa  did  azQr  of  tha  aaaplaa  of  BAB  flulda  froa  the  control, 
iiiiiitaaiiiili  ail  aonkay  (89.  B088)  contain  de^tahla  aatl>SEB  toxin  antlbodloa. 
Thaaa  raaults  ara  praaantad  In  Table  S.  which  contains  all  of  tha  BAB 
flulda  analysla  for  BZ*Bh*10I. 

The  BAB  fluids  froa  the  aonkaya  which  rocalvad  a  priaary  IM  laauni* 
zatlona  with  alcroeocapaulatad  SEB  toxoid  (89  B096,  89  B161  and  89  B210) 
ware  without  antl>toxln  activity  oxcapt  for  tha  Day  49  saapla  fron 
Monkay  89  B096.  Thla  aaapla  contained  specif Ic  antl>SEB  toxin  XgC  anti* 
bodies  at  a  tltar  of  80.  In  contrast,  2  of  the  3  aonkeys  adalnlstered  a 
priaary  laoiuaizatlon  by  tha  XT  route  (89  8079,  89  BOOl  and  89  B116)  exhlb* 
lead  IgM  antl'toxln  antibodies  In  their  BAB  fluids  saaplea  at  a  titer  of 
40.  (Note:  These  are  the  aonkeys  which  had  received  the  priaary  IT  Isau* 
nlzatlon  as  a  bolus  deposition  of  the  SEB  toxoid  aicrosphares  deep  Into  one 
lung  lobe.  The  aethod  of  XT  laaunlxatlon  was  altered  for  later  iasunlza* 
cions.  The  aonkeys  oust  be  considered  poorly  priaed  by  this  laaunlzation) . 
The  aonkeys  adalnlstered  a  priaary  oral  iasamlzatlon  (89  B060,  89  B064  and 
89  B034)  did  not  aount  a  primary  iaauna  response  which  was  detectable  In 
their  BAB  fluids.  In  any  Isotype,  at  the  tlae  points  tested. 

Booster  laaunisacion  of  the  IM'prlswd  aonkeys,  regardless  of  the  route 
of  adainistration,  resulted  in  enhanced  levels  of  IgG  anti-toxin  antibodies 
in  the  BAB  fluids.  However,  only  the  aonkay  boosted  via  Che  TT  route 
showed  a  detectable  IgA  anti- toxin  response. 
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(PROPRIETARY  INPOEIIATION) 
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Soostar  Insiunlzaclon  of  tha  IT>priaad  monkeys  by  the  XT  routs 
(39  BOOl)  and  the  IM  route  (89  8116}  resulted  in  the  appearance  of  XgG 
anti- toxin  antibodies  in  the  2AV  fluids,  while  the  BAtf  fluids  from  Che 
orally-boosted  auinkey  continued  to  contain  IgH. 

The  orally-prised  aonkeys  which  were  boosted  by  the  oral  (89  B060) 
and  XM  <89  6034}  routes  failed  to  produce  detectable  responses  in  their 
BAW  fluids.  However,  XT  boosting  wf  orally-primed  Monkey  89  6064,  resulted 
in  both  IgG  and  IgA  anti-toxin  antibodies  that  were  still  detectable  on 
Day  98.  The  antibody  titers  were  80  and  20  for  the  XgC  and  IgA  respec¬ 
tively. 


D.  iBBuni6fl9tpn,.Re8ttlt8,  of.KgnkfY,  Sfltdy,,  g‘,Bh:I02 

The  ioBunization  schedule  for  the  aonkeys  in  this  experiaent  is 
the  same  as  that  for  the  previous  study.  This  schedule  is  auasMrized  in 
Table  6. 

1.  Plasaa  anti-SEB  toxin  reanonses  following  nrlmarv  inmunlzetlone 

The  nonlanunized,  control  aoakey  (90  6001)  did  not  exhibit  detectable 
plasaa  anti-SEB  toxin  antibodies  of  mof  isotype,  at  any  tlae  point  tested. 
Tais  is  illustrated  in  Figure  20. 

a.  Primary  IM  iBBsuntzatlon  (Monkeys  90  6002.  90  B003_and  90  6010^ 

Each  of  Che  monkeys  which  were  adainiscered  a  priaazy  laauaizaclon 
with  100  of  microencapsulated  SEB  toxoid  mounted  a  brisk  circulating 
and -toxin  antibody  response.  This  response  was  primarily  in  the  IgG 
isotype,  but  elso  in  the  IgM  isotype.  These  iamuM  responses  ars  graphi¬ 
cally  dapieted  in  the  indicated  figures: 


Monkey 

Figure 

90  B002 

21 

90  B003 

22 

90  BOlO 

23 

The  responses  by  sll  the  monkeys  recsiving  a  primary  IM  immunization 
with  the  SEB  toxoid  microsphsrea  were  similer  in  that  their  maximal  primary 
IgC  anti-toxin  titers  of  51,200  to  102,400  wore  attained  on  Day  21  end 
remained  at  this  level  through  Day  49  when  booster  i&iunizetlons  were 
edmlnlscered.  Thus,  as  in  Study  EX-Rh-lOI,  each  of  these  aonkeys  attained 
primary  IgC  anti -toxin  levela  which  equal' ed  or  exceeded  the  highest  peak 
primary  IgG  anti-toxin  titer  achieved  by  a  monkey  immunized  with  an  equal 
dose  of  SEB  toxoid  precipitated  on  slum.  In  addition,  the  aonkeys  ina&u- 
nized  with  Che  microencapsulated  toxoid  exhibited  no  decline  in  their 
Day  21  antibody  titers. 


cntomexARY  memuams) 

<C0MPl£IE  FACE} 

b.  Friaarr.  IT  laauntzatl«iii.  monkava  90  B023.  90  8009  «nd  90  B02I^ 

ic  should  b*  noted  that  the  altered  procedure  2or  XT  iaawnl ration  was 
used  for  these  priaary  loBunlrations.  tUeresphares  containing  100  pg  of 
SEB  toxoid,  adalniaterad  via  the  XT  route,  resulted  in  elroulaelng  anci*S£B 
toxin  responses  in  all  three  aonkeys.  The  plasaa  XgC  titers  (102,400  to 
409,400)  equalled  or  exceeded  the  responsaa  induced  by  XM  iasnuilzatlon  with 
aluBopreeipltated  or  ■icroencapsulatad  SEB  toxoid.  Figures  stwwing  the 
ioBune  responses  for  these  nonkeys  axe  as  fellows: 


Monkey 

JCigUSft 

90  B023 

24 

90  B009 

25 

90  8021 

26 

In  addition  to  the  strong  XgG  anti^toitin  response  induced  via  XT 
1— uni zatien  with  the  nieroeiwapsulated  SES  toxoid,  dtis  approach  also 
induced  circulating  XgM  responses  which  tended  to  peak  early  and. fall  to 
undKCeetable  levels  by  Day  35.  IgA  anti'toxin  antibodies  were  also  detect¬ 
able  idircu^  Day  49  when  the  booster  ianunizations  were  adaiaiscered. 

C.  Prtaerv  aval  t— unltation  rMonkevs  90  BQ14.  90  BOOB  end  90  B018> 

Fol*  owing  oral  iaasmization  with  SEB  toxoid  nieroa^uires ,  all  three  of 
the  nnnkeya  produced  circulating  anti-SEB  toxin  antibodies.  Thera  were 
SOM  d..ffcreiiees  in  the  responses,  which  are  illustrated  in  dte  Indicated 
figures. 

Monkey  Flfure 

90  B014  27 

90  BOOB  2S 

90  BOIS  29 

Monkeys  90  B014  and  90  B018  produced  XgM  anti-toxin  antibodies  on 
Day  14  followed  by  the  appearance  of  XgS  antibodies  on  Day  21.  However, 
Monkey  90  B014  exhibited  these  circulating  IgO  antibodies  through  Day  49, 
while  the  XgC  response  in  Monkey  90  B018  declined  to  undetectable  levels  on 
Day  42.  tn  eontrasc,  Monkey  90  BOOS  produced  circulating  XgM  and  IgA  anti¬ 
toxin  antibodies  that  were  only  detected  on  Day  35.  Althou^  none  of  these 
■onkeys  eounted  high  titers  of  circulating  anti -toxin  antibodies,  when  the 
results  froa  this  experlaents  are  coabined  with  chose  froa  Study  EX-Rh-lOl, 
5  of  6  aonkeys  receiving  Che  aicroencapsulatod  SEB  toxoid  orally,  have 
produced  circulating  antibody  responses.  This  is  in  contrast  to  Study 
EX-Rh-100,  in  which  neither  of  Che  two  aonkeys  adainistered  non- 
aicroencapsulated  SEB  toxoid  exhibited  any  detectable  response. 
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2.  £la5na..antt-SEB  toxin_resi)Otiaes  following  secondary  limuntzatlons 

«.  Secendary:  Imaunlzatlons . of  IR-nriiiied  monkeys 

As  a  groitp,  tha  nonksya  sdainistarad  priasty  IH  InaunizsClons  with 
nicroencapsulstad  SEE  toxoid,  and  booacad  alchar  ayatanically  or  by  eba  two 
micosal  routes ,  exhibited  good  levels  of  circulating  anti -toxin  antibodies. 
The  orally-boosted  aonksy,  90  B002  (Figure  21).  aaintained  an  IgC  antibody 
level  tdtich  was  of  the  saae  aagnitu^  as  aonkeys  adalnistered  priaary  and 
secondazy  iaaiunizations  with  SEft  toxoid  precipitated  on  elua.  The  IT- 
boosted  Bonkey,  90  BOOS  (Figure  22}  and  the  XH-boosted  aonkey.  90  EOIQ 
(Figure  23)  produced  antibodies  at  substantially  hij^r  levels  than  those 
Induced  by  two  iasMaizatlona  widt  the  alua  precipitated  toxoid. 

In  addition,  the  aonkey  boosted  with  dte  SEB  toxoid  alezospheres  by 
the  IT  routs,  exhibited  circulating  IgA  antl-toxln  responses  which  were  of 
s  long  duration.  A  point  wortlqr  of  aention  in  tha  consideration  of  the 
levels  of  circulating  IgA  anti-toxin  Induced  throu^  tiie  aucosal  boosting 
of  IH-prlaed  aonkeys,  Is  the  level  of  plasaa  IgC  anti-toxin  which  is 
present  in  the  plasaa  saaples.  The  exceptionally  high  IgG  antibody  levels 
(titers  of  819,200  to  1.638,400)  aust  successfully  CMipete  for  the  solid- 
phase  antigen  in  the  assays,  aaaklng  the  true  IgA  anti-toxin  level.  Thus, 
the  plasaa  IgA  and  IgM  responses  in  these  aonkeys  aust  be  considered 
ainiaua  estiaates. 

(1)  Oral  boosting  of  IM-orlaed  Monkey  90  B002 

Following  the  oral  a<hiinlscration  of  1.0  ag  of  aieroencapsulated  SEB 
toxoid  to  this  IH-prlaed  aonkey,  a  booster  response  was  evident  in  the  IgM 
Isotype  on  Days  56  d>rou|^  70  (Figure  21).  Althou^  the  circulating  IgO 
anti-toxin  titer  fell  froa  Its  Day  63  high,  it  reaained  on  a  plateau  froa 
Day  77  through  Day  98.  This  suggests  that  the  oral  booster  aay  have  helped 
aalntaln  the  circulating  antibo^  level. 

(2)  IT  booatlns  of  IM-nriaed  Moi^kev  90  B0Q3 

An  IT  boost  consisting  of  100  pg  of  aieroencapsulated  SEB  toxoid 
resulted  in  a  proapt  and  vigorous  response  in  this  aonksy.  As  shown  in 
Figure  22,  the  circulating  IgC  anti- toxin  antibody  level  Increased  to  a 
titer  of  1,638,400  on  Day  63.  This  high  titer  of  IgO  antl-toxln  activity 
was  aaintained  through  Che  tiae  which  the  secondary  response  was  followed. 
The  response  had  only  decreased  to  a  titer  of  819,200  on  Day  96.  In  addi¬ 
tion,  this  aonkey  exhibited  circulating  IgA  anti-toxin  antibodies  ten  days 
after  IT  boosting.  These  IgA  antibodies  rose  steadily  to  a  titer  of  1,600 
on  Day  77  and  reaained  at  this  level  though  Day  98 . 

(3)  IM  bcoscins  of  IM-nriaed  Monkey  90  BOlO 

IH  boosting  of  previously  IM-isnunized  Monkey  90  BOlO  stimulated 
approximately  a  16-fold  rise  in  the  plasma  IgG  anti-toxin  level.  As  illus¬ 
trated  in  Figure  23,  the  IgG  anti-toxin  antibody  titers  increased  from 
102,400  on  Day  49  to  1,638,400  on  Day  63.  A  plateau  titer  of  409,600  was 
present  on  Days  77  through  98.  In  contrast  to  the  IM- Immunized  monkeys 
which  received  mucosal  booster  immunizations,  this  monkey  did  not  exhibit 
a  detectable  IgA  anti-toxin  response  following  the  booster  imaunization. 
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h.  SeeondMTV  of  I'^»prla»ed  Jonkeva 

lb*  acnkeys  which  r*eclv*d  XT  priaaty  iaanmlzacioiui  vlch  aiccoaneapsu* 
lacad  SEB  toxoid  war*  vary  wall  prisad.  This  daoKmatcatad  that  tha  ehanga 
in  the  IT  ixuEtallation  procedure  haa  bean  effective,  doth  the  XT  und  XH 
routea  proved  to  be  vary  effective  boostara  in  these  aonkeya.  The  long- 
tara  high  levels  of  XgG  antibodies  in  the  awnkaya  receiving  an  oral  booster 
svqggests  that  an  effactiva  aaount  of  vaccine  vas  delivered  by  this  route. 

(1)  Oral  b99gtiTlg  Qf-IT‘priaed  Monkey  90  BQ2i 

Oral  boosting  of  ^is  IT*prl»od  aonkey  did  not  result  in  the  tn«*iK;riffn 
of  a  clearly  deaonatrabla  booster  response  (Figure  24).  However,  good 
maintenance  of  ^e  circulating  XgC  anti*  toxin  levels  are  eonalstent  with 
the  delivery  of  an  effective  aaount  of  vaccine. 

(2)  It-banatinc  of  ■XT^riwed  Monkey  90  B009 

Following  the  XT  boost,  a  rapid  rise  in  the  levels  of  plasaa  XgC  and 
IgA  anti' toxin  antibodies  was  datectable  (Figure  25).  The  XgC  antibodies 
reached  a  titer  of  819.200  on  Day  £3  and  reaalned  at  this  level  through  the 
duration  of  the  experiaent.  The  IgA  antibodies  reached  a  peak  titer  of 
6,400  at  a  point  10  days  after  the  XT  boost,  and  were  present  at  elevated 
titers  tdiroui^out  ^e  experiaent. 

(3)  IM  booattns  of  TT-nrtaed  Monkey  90  S021 

After  an  XK  boost  with  SEB  toxoid  aierospheres,  this  IX>priaed  monkey 
exhibited  a  rapid  rise  in  XgC  anti* toxin  antibodies  in  tihe  eireulatioo 
(Figure  26).  The  secondary  response  by  this  aonkey  was  very  siallar  to 
that  seen  in  Che  monkey  receiving  two  XH  isaunizationa .  The  XgG  aaCi<coxin 
titer  rose  to  1.638,400  on  Day  63  and  then  reaalned  at  a  plateau  level  of 
204,800  throu^  Day  98.  However,  this  secondary  rssponse  differs  signifi* 
candy  from  that  exhibited  by  the  IT- XT  inaunized  aonkey  ii.  chat  it  eon- 
plate ly  lacks  a  detectable  IgA  response. 

c.  Secondary  iamunlzations  of  orallv-ortiaed  aenkova 

Each  of  Che  three  monkeys  adainiatered  a  priaary  oral  iaaunizatlen 
responded  with  circulating  anti-toxin  antibodies.  In  addition,  all  were 
clearly  responsive  to  secondary  laHunization  via  the  systeaic  and  mucosal 
routes.  The  titers  of  circulating  XgG  anti -toxin  achieved  by  both  XT  (90 
BOOS)  and  IM  (90  B018)  boosted  monkeys  indicated  that  systemic  tolerance 
had  not  been  Induced  through  oral  imunization  with  the  aicroencapsulated 
SEB  toxoid. 

(1)  Oral  boosting  of  orallv-orlned  Monkey  90  B014 

In  the  first  21  days  following  oral  boosting  of  the  orally -primed 
monkey,  a  four- fold  rise  In  the  circulating  IgG  anti- toxin  antibodies  to  a 
titer  of  800  vas  observed  (Figure  27).  Once  attained,  this  titer  remained 
constant  through  Day  98.  However,  this  Innunlzatlon  method  did  not  result 
in  the  appearance  of  detectable  IgA  anti- toxin  activity  at  any  tested  tine 
point. 
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(2)  IT  boosting  of  orallvcrtffled  Monlcey  90  BOOS 

XT  boosting  of  this  aonkojr  rosultod  In  s  tlss  in  tfao  lovols  of  XgC 
ancl'toxin  antlbodlss  vhleh  was  avidenc  14  days  after  boosting,  ^le 
increase  continued  through  Experiaental  Day  77,  uhen  the  titer  reached 
102.400.  Thereafter  the  titer  decreased  to  25,400  on  Day  9ft  (Figure  28). 

(3)  IM  boostlne  of  orallv-nrtiiied  Monkey  90  BQl 8 

This  swnkey  exhibited  a  rapid  response  to  a  secondary  IH  iaBunlsation 
which  was  characterized  by  both  IgH  end  XgC  cm^nents  (Figure  29).  The 
response  was  of  short  duration  and  had  fallen  to  an  undetectable  level 
28  days  after  boosting.  Xn  cmtrast,  the  XgG  anti* toxin  response  steadily 
increased  throuf^  Day  77  to  a  titer  of  25. 600  and  ruaiiisd  at  that  level 
through  Day  98. 

3.  aAW  antl-SEft  toxin  resoowsea  free  Bt-Hh.lQE 

As  in  Study  EX>Rh*101.  tt»  nonianunlzed  control  aonkey  in  this  experl’ 
ttsnt  did  not  exhibit  detectable  anti- toxin  antibodies  of  any  isotype  in  any 
the’  saaples  tested.  Table  7  contains  this  data  as  well  as  SAW  data  iron 
all  the  aonkays  in  Study  EX-Bh-102. 

Hone  of  the  aonkeys  aitainlstered  a  priaary  IM  (90  fi0Q2.  90  B003  ar.d 
90  BOlO)  or  prisMzy  oral  (90  8014,  90  8008  and  90  8018}  lamnization  with 
the  Eieroencapsulated  SEB  toxoid  produced  an  anti -toxin  response  that  was 
deteecakXe  in  the  BAD  fluids.  Xn  contrast,  all  the  aonkeys  receiving  a 
priaary  iasunlzatioo  via  Cha  XT  route,  responded  with  relatively  high 
levels  of  IgA  end  IgG  anti-toxin  antibodies  In  tbair  BAD  fluids. 

Bocscer  iMSunlsation  of  the  IM-priaad  aohkayt  by  tha  oral  routs 
(90  B002}  and  XM  routs  (90  BOlO)  was  ineffective  at  stiauleting  an  anti¬ 
toxin  response  in  the  BAH  fluids.  However,  boosting  by  the  IT  route 
(90  B003}  induced  appearance  of  IgC  end  IgA  anti-toxin  antibodies  at 
titers  of  12,800  and  320,  respectively. 

Each  of  the  aonkeys  prlaed  by  tlte  XT  route  continued  to  have  aessur- 
able  enti-toxin  antibodies  after  boosting.  The  antibody  levels  daclined, 
despite  the  boost  in  tits  orslly-boosted  aonkey  (90  B023}.  Xn  tha  XT- 
boosted  aonkey  (90  B009),  th«  IgA  antibodies  in  BAH  fluids  inercssed  and 
the  IgG  antibodies  decrsese  after  boosting.  The  converse  was  evident  for 
tits  IH-boosted  aonkey  (90  B021). 

None  of  the  orelly-priaed  aonkeys  (90  B014,  90  BOOS  and  90  B018) 
aounted  e  detectable  response  in  the  BAH  fluids  regardless  of  the  route  of 
booster  iaaunlzetion. 
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VIZ.  DISCUSSXOtiS  ANp  CONCLDSIOHS 


During  chis  year  of  th«  contract,  we  obtained  a  great  deal  of  kaowl* 
edge  about  the  laaMalsation  of  rheaua  »idceya  with  SE8  toxoid.  A  preliatl* 
nary  study  was  perfomed  to  eonfits  die  existing  data  regarding  the  effec* 
tiveness  of  syatead.o  (IK)  laBSunization  with  alus  precipitated  SEB  toxoid 
and  oral  iaauttizatien  with  high  dotes  of  toxoid  in  solution,  to  raise 
circulating  anti>SEB  toxin  antibodies.  Additionally,  several  studies 
involving  tihe  iosunization  of  rhesus  aotdeeys  with  SEB  toxoid  aderoapberes 
have  also  been  perfomed. 

The  prellainary  nonkey  experiaant  yielded  the  following  results; 
loanxnixacion  with  alun^precipitated  SEB  toxoid  did  result  in  the  appearance 
of  circulating  IgB  antibodies,  which  were  detected  in  low  levels  in  dte  BAtf 
fluids.  Oral  isnunixation  with  SEB  toxoid  solution  induced  only  dte  tran¬ 
sient  appearance  of  low  levels  of  1^  end  IgA  anti-SEB  toxin  antibodies  in 
circulation. 

i 

Results  fron  the  first  two  sGidiss  (EX-Bh-101  and  EE-Rh-lOE)  in  which 
rhesus  aonkeys  were  issnuiised  with  aicroeneapsulatsd  SEB  toxoid  are  in¬ 
cluded  in  dis  report.  These  date  suggest  that  en  IK  priaary  laananixetlon 
followed  by  an  IT  or  oral  aacondary  iaaunization  provldas  the  highest 
antibody  responsa  and  best  level  of  protoetlon.  It  has  boen  reported  to  us 
that  the  nenkays  receiving  an  IM  priaary  and  IT  secondary  Ixanmixatlon  in 
both  studios  survived  aerosol  ehellangs.  In  addition,  the  nonkey  receiving 
an  oral  prlnary  ai^  IT  secondary  isBunixation  fron  Stud^  EE-Sh-lOl  and  the 
nonkey  receiving  both  an  IT  primry  and  IT  secondary  ianunlxatloh  in  Study 
EX-Sh-102  also  survived  the  aerosol  challenge.  Official  doeunentatton  of 
these  results  has  not  besn  recsived  by  Southsrn  Rssesreh  ox  ths  University 
of  Alebsne  in  Bitninghea. 

These  results  ere  vary  encouraging  as  not  only  havs  hi^  antibody 
titers  been  achieved  in  de  rhesus  nonkeys,  but  es  Indlested  shove,  several 
of  de  nonkays  have  been  shown  to  be  protected  fron  aerosol  challenge. 
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Figure  1 .  Cumulative  in  vitro  release  of  SFB  toxoid  (above)  and  microsphere  size  distribution 
(below):  Batch  F787-074-00. 
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figure  3.  Cumulative  in  vitro  release  of  SEB  toxoid  (above!  and  microsphere  size  distribution 
(below):  Batch  f787-1 24-00. 
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Figure  4.  Plasma  IgM,  IgC,  and  IgA  Mi-SEB  toxm  titers  attained  from  rhesus  Monkey  89 
B109:  Non- ffnmunaed  control. 
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Figure  5.  Plasma  IgM,  IgG,  and  IgA  ami-SEB  toxin  titers  odtairwd  from  rhesus  Monkey  89 
B093:  Non-immunised  eorttrol. 
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B 1 06:  Immunised  by  IM  injection  on  Days  0  and  49  with  1 00  micro jrams  of  SE8 
toxoid  precipitated  on  slum. 
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Figure  7.  Plasma  IgM,  IgG.  and  IgA  anthSBB  toxin  titers  trained  from  rhesus  Monkey  B9 
B1 15:  Immunized  by  IM  injection  on  Days  0  and  49  with  100  micrograms  ofSEB 
toxoid  precipitated  on  alum. 
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Figure  8.  Plasma  IgM,  IgG.  and  IgA  anti-SBB  toxin  tkars  retained  from  rhesus  Monkey  89 

8043:  Immuniz^  by  oral  gavage,  onDaysOand49  with  10  mg  of  SEB  toxoid  in  5.0 
rrU.  of  0.7% bicarbonate. 
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Fi^jTB  9.  Ptasma  tgM.  JgG,  and  igA  anti-SBB  toxin  titers  obtained  from  rhesus  Monkey  89 
8103:  Immunised  by  ore!  gevage  on  Days  0  and  49  wMi  10  mg  of  S£8  tox^d  in 
S.O  mL  of  0.7%  bkasbonete 
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FigutB  10.  Plasma  IgM.  IgG,  and  IgA  antiSSB  toxin  tkars  cbtainad  from  rhesus  Monkey  89 
B088:  Non-immufused  control. 
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Figw9  1 1.  Phtsma  IgM,  tgG.  and  fgA  anti-S£B  toxin  titers  obtained  from  rhesus  Monkey  89 
B096:  Primary  immunisation  ^ay  Oh-fOO  micrograms  microenc^ulated  SEB 
toxoid  by  IM  injaction.  Secondary  immunisation  (Day  49h-f0  mg  of 
microencapsulated  SEB  toxoid  by  ora!  gavage. 
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figun  13.  Plasma  tgM.  IgG.  and  IgA  a^i-S£8  tmin  tkars  obtainad  horn  iftasta  Monkay  89 
B210:  Primary  immuniiMionf Day  Of—1 00  mkrogriuns  mtCfoaneapsulMadS£S 
tpxoidby  IM  in/action.  Sacondary  immunization  (Day  d&h-lOO  mierograms  of 
mkreaneapsulatad  SEB  toxoid  by  IM  iiyoetion. 
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figure  14.  Plasm*  IgM,  IgG,  and  IgA  antiSfB  toxin  titers  obtained  from  rhesus  Monkey  89 
B079:  Primary  immunitation (Day  Oh'l 00  micrograms  mieroeneapsulatedSEB 
toxoid  by  IT  instillation.  Secondary  inwnunaation  (Day  49h~1.Q  mg  td 
microencapsulated  SEB  toxoid  by  oral  gavage. 
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figure  IS.  Plasma  IgM.  IgG.  and  IgA  antiSSB  toxin  titars  obtained  from  rhesus  Monkey  89 
8001:  Primary  immunization  (Day  Oh-1 00  micrograms  microerKapsulated  S£B 
toxoid  by  IM  injection.  Secondary  immunization  (Day  49h-100  mierograms  of 
microencapsulated  SEB  toxoid  by  (T  instillation. 
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Figure  16.  Plasma  IgM.  IgG.  wd  IgA  artti-SEB  toxm  titers  obtained  from  rhesus  Monkey  89 
B1 16:  Primary  immunization  (Day  0)—100  micrograms  microencapsulated  S£B 
toxoid  by  IT  instillatiort  Secondary  immunization  (Day  49}— 100  micrograms  of 
microencapsulated  SEB  toxoid  by  IM  in/eaion. 
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Figure  17.  Plasma  IgM,  IgC,  and  IgA  antiSEB  toxin  tHars  obtainad  from  rhesus  Monkey  89 

8060:  Primary  immunisation  (Day  Oh-1-0  mg  mieroancapsulated  SEB  toxoid  by  oral 
gavage.  Secondary  immunisation  (Day  49h-1-0  mg  of  rrueroafKapsulated  SEB  toxoid 
by  oral  gavage. 
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Figure  18.  Plasma  IgM^  IgG,  and  IgA  anti-Sf  B  twin  tnars  obtained  from  rhesus  Monkey  89 

B064:  Primary  immunization  fD%-  Oh-  i.O  mg  mieroeneapsulated  SBB  toxoid  by  oral 
gavage.  Secondary  immunization  (Day  49! — 100  micrograms  of  microencapsulated 
SBB  toxoid  by  IT  instillation. 
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Figure  19.  Plasma  IgM,  IgG.  ami  IgA  ami-SEB  tnxm  titars  obtairtad  from  rhesus  Monkey  89 

B034:  .Primary  immunization  (DayOh^l.O  mg  mieroarKapsulated  SEB  toxoid  by  oral 
gavage.  Secondary  immunization  (Day  49)^100  micrograms  of  microencapsulated 
SEB  toxoid  by  IM  injection. 
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Figure  20.  Plasma  IgM.  IgC,  arul  IgA  anti-SEB  toxin  titers  obtained  from  rhesus  Monkey  90 
BOOl:  Non-immunized  control. 
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Figure  21.  Pfesnta  IgM,  /g6.  and  IgA  anti-SEB  toxin  titers  obtained  from  rhesus  Monkey  90 
BOOT:  ^’maty  immunization  (Day  0)—  1 00  micrograms  microencapsulated  SEB 
toxoid  by  IM  injection.  Secondary  immunization  (Day  49  j— 1.0  mg  of 
microencapsulated  SEB  toxoid  by  ora!  gavage. 
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Figure  22.  Ptasme  IgM.  IgG,  and  IgA  anti-SEB  toxin  tnars  obtained  from  rhesus  Monkey  90 
B003:  Primary  immunization  (Day  Oh-lOO  micrograms  microencapsulated  SES 
toxoid  by  IM  injection.  Secondary  immunization  (Day  49h-1 00  micrograms  of 
microencapsulated  SEB  toxoid  by  IT  instillation 
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Figure  23.  Plasma  Igi^,  IgG,  and  IgA  anti'SCi!  toxin  titers  obtained  from  rhesus  Monkey  90 
B010:  Primary  immunization  (Day  Oh-100  mierngrams  mieroeneapsulated  SEB 
toxoid  by  IM  tnjection.  Secondary  immunization  (Day  49(^1  (X>  micrograms  of 
microencapsulated  SEB  toxoid  by  IM  injection. 
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Figure  24.  Ptesme  IgM,  igG.  endtgA  ami-SBB  toxin  Mors  obtained  from  rhesus  Monkey  90 
B023:  Primary  immunitetion  (Day  Oh-100  microgrems  microencapsulated  S£8 
toxoid  by  IT  insttHation.  Secondary  immunitation  (Day  49h-t  .O  mg  of 
microencapsMated  SEB  toxoid  by  ora!  govage. 
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Figun  25.  Ptasnui  tgM.  IgG,  and  ami’SCB  toxin  titors  obtained  from  rhasus  Monkey  BO 
BOOB:  Primary  immunaation  (Day  Oh-fOO  micrograms  mieroaneapsuiatad SEB 
toxoid  by  FT  instillation.  Saeondary  immuruzation  (Day  49h't00  mierograms  of 
mieroaneapsuiatad  SEB  toxoid  by  IT  instillation. 
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Figuf0  26.  Plasma  IgM.  IgG.  and  tgA  anti~S£B  toxin  titars  obtainad  from  rhasus  Monkay  90 
B021:  Primary  immunization  fOay  Oh- f  00  mierograms  mieroancapsuiated  S£B 
tOKoid  by  IT  instillation.  Saeoridary  immunization  (Day  49h-1C0  mierograms  of 
mieroancapsulatad  S£B  toxoid  by  IM  injection. 
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figure  27.  Plasm  IgM.  IgG,  and  IgA  anthSEB  toxin  titars  obtained  from  rhesus  Monkey  SO 

60J4:  Primary  immunisation  (Day  Oh-’I.O  mg  microencapsulated  SEB  toxoid  by  ora! 
gavage.  Secondary  immunisation  (Day  49h-1.0  mg  of  microencapsulated  SEB  toxoid 
by  oral  gavage. 
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Figure  28.  Plasma  IgM,  IgG.  and  IgA  anti-SEB  toxin  titars  obtained  from  rhesus  Monkey  90 

8008:  Primary  immunisation  {Day  Oh-l  O  mg  microencapsulated  S£B  toxoid  by  oral 
gavaga.  Secondary  immunizaUon  (Day  49h-t00  micrograms  of  microencapsulated 
SEB  toxoid  by  IT  instillation. 
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figure  29.  Piesme  IgM.  IgG.  end  IgA  enti-S£8  toxin  titers  obteined  from  rhesus  Monkey  90 

8018:  Primsry  immunizetion  (Dey  0/— 1.0  mg  microencepsu/ated  S£B  toxoid  by  oral 
gavege.  Secondary  immunization  (Day  49h~100  micrograms  of  microencapsulated 
SE8  toxoid  by  IM  injection. 
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